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AIRPLANES PARTICIPATIHG III THE 1933 COiTTEST FOR 
THE DE'JTSCH DE LA MEURTHS TROPHY 
By Pierre Leglise 

The essential reg-iilations of the 1933 Deutsch de la 
Meurthe contest were: a maximtim piston displacement of 
8 liters (430 cutic inches) ; lenf^th of course, 2,000 kil- 
ometers (1,242*7 miles); obli^^atory stop of 1 hour 30 min- 
utes after 1,000 kilometers (o21#4 miles); stops permitted, 
"but length of stops not to "be deducted in calc'cl.ating the 
mean speed. These oroa-d limits and the liberty allowed 
the designers led to very happy results. ITew airplanes 
and engines were elaborated in less thc'in a year or even 
six months in some cases. 

The time seemed to be too short for putting on the 
finishing touches in certain cases, thus making the con- 
test less severe for the remaining airplanes. Only the 
productions of Potez-Potez and Caudr on-Renaul t remained, 
which were well adapted to the purpose and led to method- 
ical investigations in a direction that is rather new in 
France. 

IlITRODUCTIOIT 



The airplanes were made of wood (excepting, of course, 
the fittings, engine bearers, landing gears, etc.). There 
was 02ie notable exception, the "Kollner-Becher eau, " which 
was all metal and which constituted a study for a pursuit 
airplane. Preference was given wood for airplanes to be 
made quickly in smeill lots. The v/ings were cantilever 
(except the Barman-Renault which was braced externally) 
with plywood coverings. Their relative thidrnoss at the 
root was small, being only 12.8 -oercent of the chord in 
the "Caudr on 3 80. " 



^L'Ae'ronautique, July (pp. 150-158), and August (pp. 175- 
184), 1933, 
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Str-actiiral dra^ v/as lar::::;ely el iiriinat e'd.. The landiinfc^ 
gears received particular attentio:i. There were retract- 
able landing gears (?otez and Kellner-Becher eau) ; landing 
gears with only one wheel, retractable or fixed, and wing 
skids (Ij'arinan) ; and a landing gear with only one very thin 
streamline strut (Ca.udron) . ^ 

Other parts were also visibly refined: inside controls, 
enclosed cockpits, streamline windshields, engine cowli:-igs 
with minimum louvers, a.nd wing connections developed from 
wind-tunnel tests (Potez, Eellner-iSecherea.u) • The desira- 
ble reduction in the wing area led certain contes'tants to- > 
sook high, lift by moans of flaps (Caudron) or ailerons 
(Potoz)* The following descriptions will indicate the now 
foaturos of each airplane^ 

Tho take-^offs were generally difiic-alt, somotimes even 
agonizings. This was doubtless due more to the poor func- ^ 
tioning of the propellers, adapted to speeds of 300 km/h 
(136^4 mi./hr*) Or more, than to the reduction in tho wing 
area. Lloreover, in our opinion, the necessity of using 
wheels of small diameter which alone can find room enough 
in wings of 3 to 4 m^ (22.3 to 43.1 sq.ft.) (the wheel.s of 
the Bdchereau^ for example, would have been obliged to 
lodge in the connections at the leading edge of the fuse-, 
lage) did not facilitate the take-offs. 

Deutsch Trophy Airplanes of the Future 

Where can improvements be :-iade for future Deutsch do ^ 
la Meurthe contests? We think they will be made first in 
the retractable landing gear and then in the variable- 
pitch propeller, x)referably automatic. The search must 
next be directed to high-lift systems. 

Let us assume that, due to reduction in tho weight of ^ 
the engines, the speed range can bo raised to 4 on tne av- 
erage, and that a maximum speed of 500 km/h (310 mi. /nr.) 
will soon be attained at the price of a landing speed of 
only about 120 km/h (75 mi./hr.). If the problem of the 
high-lift airplane has been thus far avoided, it will come ^ 
up again at higher speeds. The nature of the contest will 
necessarily lead to airplanes of v^-^^riable [oolar. Here the 
three fields of investigation v/ill reappear: camber, angle 
of attack, area. 
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loT the ■presQj.t we will . say nothing of the area. 
Previous tests are doTi"btlGSS rather ieceptive, "because the 
increases in the area have oeon sir.all or oven insignifi- 
cant^ At present only the variation in the camber/ by 
means of flaps has been utilized* It appears that the Zap 
and Powler systems here have nev! possibilities, still but 
little known to uSo . / 

She variable angle of attack, by rotation of the en- 
gine group , coordinated, automat i cally ■ or not, with the 
adjustment of the stabiliser, would seem to have a future 
and not be very complicated mechanically. In this connec- 
tion a number of patents have already been taken out. The 
ones by Caudron and Levasseur, in particular, have been 
analyzed in this magazine. It has been studied by the 
Italian engineer Pegna and the Bernard firm. Moreover, 
nothing prevents reqi-.iring of the propeller a direct lift 
component and a buffer effect of the/Otliqne air current 
durin^^- the whole ta;ce-off. This assumes, of course, the 
use of a controllablvi;--pi t ch propeller capable of producing 
a considerable thrust at low speed. Such a system would 
•involve the running of risks in landing in case of engine 
failure. 

Thus there probably exist, in the matter of speed, 
some untried ways whose exploration may lead to useful re- 
sults. It is gratifying to see our insti t^iti ons of rc- 
^ search taking up their investigation. 



The Totez 53 was the object of vfry thorough wind-tunnel 
investigation with the almost complete elimination of- in- 
terferences (figs. 1, 2, and 3). The drags were estimated 
as follows: 



THE POTEZ 53, WIEUSH OP THE CONTEST 



Aor odynami cs 



Wing, 



34 percent 



Fuselage with cowled engine. 



39. 



It 



Tail surfaces, 



9 



tl 



Misc. (oil radiator, inter- 
stices, roughnesses, etc., 



4 
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Increase due to slipstream, 12 percent 

The- complete airplane, in the wind tunnel, had., a. Qx min 
of 2«15« It is ootained hy transiormal" conformation and 
conserves interesting char act er i st i cs , f or all the .relative 
thicknesses hetween 6 and' 22 percent. (See poic^rs,) The 
win^ is tapered. The profile at the root is •the P,-9 with- 
a relative thickness of 18 percent and the -same 'profile 
at the tip reduced to the relative thickness of 5 percent. 
The angle of setting is "uniform throughout the. span. 



Construction 



The low pantilover wing co2*isists of two half-wings 
joined to a central part integral with the fuselage. The 
half-wing-s are attached by special fittings with conical 
nuts which eliminate all play and do not project "beyond- 
the surface. Sox sp.ars, spruce' rihs , and plywood coverings 
The wing-fuselage junction is filletedg The fillets, of 
which two different kinds were used on the contesting air- 
planes, increased the lift 12 percent as compared with 
wings without fillets. Fuselage of circular section in 
front and ovoid at the rear; .spruce frame with plywood cov- 
er ing;. ' re tractaolo landing gear, increasing the speed about 
40 km/h (about 25 mi./hr.). 

The engine is a Fotez 9 B 310 hp. with supercharger 
and annular cowl; a single fuel tank of 320 liters (34.5 
gallons); oil tank forward in a special, well-ventilated 
compartment. 

The Potez 53 of De'tre won the trophy at the speed of 
322.8 km/h (200-,6 mi « /hr . ) . Lomoine lost sight of the 
cb'urso for an instant, due to . pro j ections of oil, and v/ont 
astray.' After recovering it, he made one lap at the very 
high speed- of 353 km/h (221.21 mi,/hr.), but the rupture 
of an oil pipe compelled him to drop out during the fifth 
1 a,p . : 

The attack of Potez on the double problem of the air- 
pla.ne and the engine group attained well-merited success. 
The perfectly designed Potez 53 lifted with relative ease 
the load of fuel required for the first 1,000 km (521.4 
miles) 0 The cou.rse v;as flown with great regularity by 
1)6 trd, v/ho gave the impression of sparing his airplane. 
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Jj eg end. with Detail od Doscriptions 

FI&UHE 1,- The Fotoz 53 airplane. (l-Tote: Tho position 

of tho landin,^- i?:oar, as skotchod by tho writ or, may not do 
exact , ) 

Characteristics 



Span 


6 m ob 






31 


.32 


ft. ' ■ 


Length 


5.40 


(t 






.72 


1! 


Height- 


1.80 


It 






.91 


If ' 


Wing area 


7.20 






77 


.50 


Sq.ft. 


W.eight without fuel 


600 


kg 


1, 


Z22 


.'■-'7 


lo. 


G-ross weic^ht 


900 


It 


1, 


984 


.13 


It 



FIG-TJRE 2.- Three-quarter front view of the Potes 53 
with 310 hp. Potez 9B en.;>:ine. 

FIGUEE 3,- Three- quart er rear view of the Potez 53. 

FIGURE 4.- Lo?agi tudinal section of the Potez 53 air- 
plane. P^ air inlet of supercharger; H, oil radiator;' ' 
r-, :7heels on whidi are wound* the caoles whi di ' rai se tho'; " 
landing gear; L, ^icchanisni which, operated oy wheel T, 
simultaneously deflects the ailerons in tho sriLic direction; 
K, control stick; P, instruznont hoard; p, parachutp-. All 
controls are rigid and no part .vrojocts "beyond tho cover- 
ing. Pilot's cockpit is behind wing. The windshield is 
prolonged forward and can be detached to enable use of 
parachute, which is also facilitated by a handle on "the 
fuselage. 

FIGURE 5.- Tests of complete rr.odcis differently 
cq-aipped. 

FIGURE 6.- Characteristic curves, for aspect ratio 5, 
of Potez P9 wing section. 
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Tho offoct of the various comtinat i ons of tho factors 
definod on tlio loft is indicated on tho right. 



Drag Elomonts of Airplane 
a, landing gear retracted 
"b , landing gear let down 

c, with wing-fuselage fil- 
let 

d, without wing-fuselage 
fillet 

e, pilot *s cockpit covered 

f, pilot's cockpit open 

g, with inner fairing of 
wheel 

hj without inner fairing of 
wheel 



Tost Results (fig. 5) 

induced polar . 

wing alone . 

solution A (a,c,e,g). 



A 



B (b,c,f ,g) . 

C (a,d, e, g) . 

D (a,c,f,g). 

E (a, c , e , h) . 

F (a,d,f ,g) . 



Solution A (i.e., landing gear retracted, wing joined 
to fuselage "by fillet, cockpit covered and wheels faired) 
was chosen for tho Potez 53. Tho gain in tho min 
over solution B, which differs from A oy tho landing gear 
"being down and tho cockpit uncovered, is more than 4 per- 
cent. The increase in niax ^ith respect to solution 
C, which differs from solution A only hy the absence of 
wing-fuselage fillet, is about 12 percent. 

FIGURE 5, which gives the polar, the fineness ratio, 



and the 



'm 



curves for two relative thicknesses (12 and 



20 percent) of tho wing section P9, shows that Cg max de- 
creases simultaneously with the relative thickness o, and 
that the fineness ratio increases when o decreases, 

PIGURE Aileron control.' 

Operated a s ailerons . - If the wheel V is not 

touched, the articulations a are fixed with respect to 

tho case C, and the motions of the stick act directly on 

tho case and consequently on tho whole control system. 
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0^az^t_XQn..,.QS. JJl31?.^ The wlie'^.*. V operates a pair of 
"b.evGl gaars c means of a long shaft insido tlio tulDe, 
at the ends of v/hi ch are mounted the control stick a.iid tlio 
case C, The rotation of V moves a nut e, on a screw 
V. The rods T, going to the ailerons, are attached at 
a to a sort of deformaole quadrangle, the sides of which 
("b and T') are, respectively, hi'nr^ed to the case C and to 
the nut e. Tnen, for example, e is raised toward the 
top of the case "by the distance A3, b-. and T' approach. 

o acii ■• o tlior , and tlio joints a. , ctq tliT^:iQt outward by tlio 

dis-tanco I, thus simul t anoously deflecting both ailerons 
in the same direction* 

■^TG'J.'hI?, ^ L.a2iding gear of Fotoz 53 in various phases 
of retraction. 

It is scon that vxhon the landing ^ear is retracted, 
the inner fairings of the wheels form two quite .largo • 
"bosses on the lower side of the win^^. According to tests 
made "by the Potoz Company, such "bosr>os on the lower side 
of the wing have but little effect. This fact is con- • 
firmed, moreover, by what is known of certain American air- 
pla,nes whose landing gears .are not entirely concealed in 
the wings (notably the Booing "Ivlonomail ") • 

At ^Itampes-Iv'ondesir , before the designer of the air- 
plane, we expressed the opinion that the retracting parts 
on the landing-gear struts might increase the take-off 
time, as they present a very largo angle of attack to the 
relative wind. 

Since then, the Fotez Company has called our atten- 
tion to the fact that the take-off distance is essentially 
a function of the propeller thrust and hence of the propel- 
ler diameter 0 It was noted, in fact, that Dctro, with his 
Fotoz 53 IToe 10, equipped with a proi^cllcr of larger diam- 
eter than the ITo* 12, took off each time with a full load 
of fuel j^ist as well as, if not better than, the other con- 
testants, who carried only half a loa.d of f uel » 

FIG-URE .9,- One of the two kinds of Joints between the 
wing and fuselage on the Potez 53, 

J'IG-URE 10,- Left, articulation of landing gear; right, 
air inlet and oil .radiator, 

FIG-URS 11,- Retractable landing gear of Fotez 53 with 
Ivlessier shock absorbers. Upper left: diagram of extended 
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landin^^-^oar as seen from tho front, Uppor riglit: front 
and' plan' views of landin^i; .fcoar folded in the wing* i.Iiddle 
left: diagram showing forward displacement of wheel in low- 
ering. Bottom: details of socket C and of lug 0 for' 
attaching cable c. » 

Tho retractable landing gear of the Potez 53 i s in-* 
stalled in such a way that, in the extended position, the 
center of each wheel advances a distance d with respect 
to its position in the wing. The r e t ract ing m© chani sm 
adds onljr about 6 kg (13.2 Id.) to the weight of the land- 
ing gear* 

The strut J, which carries the fork and tho Hessier 
shock absorber, is hinged oy moans of a lug- C to a sleeve 
3. This slcovo can itself slide and turn on a fixed tube 
T- mounted behind the front spar. Around B there turns 
a ring a, on which a lug 0 servos as attachr.ient for 
tho operating cable -c, The latter is actuated by the 
gears R, controlled by the pilot. J is held by a V- 
strut, the a.pox of which" is hinged to J by a sort of iini- 
vcrs-l joint A and the opposite ends to the bottom of the 
fuselage following an axis XX, The projections of XX 
form the angles- a and p with the horizontal and vertical, 
respectively, in such a way that all the axes converge to- 
ward the rear and diverge toward • the front. It is these 
inclinations that make it possible to advance the wheels' 
sufficiently, when lowered, with resT^ect to the center of 
gravity, while insuring their proper lodgment between the 
tv;o spars, when retracted. 



TH3 "CAUDHON" 3 60", CHUTES OF SECOITD PLACE 
(figs. 12, 13, and 14) 

Aerodynamics 

A low-wing :r-onoplane; tapered wing with rounded tips; 
aspect ratio, oc6; taper, 40 percent. Symmetrical bicon- 
vex profile set at +2^; top of wing, straight. The pro- 
file undergoes a triple evolution along the span: reduc- 
tion of the chord from. 1.5 m (4.92 ft.) at the root to 0.6 
m (1.9*? ft.) at the tip; reduction of the relative thick- 
ness from 12.8 percent at the root to 5,4 percent at the 
tip; relative increase in the radius of curvature of the 
leading edge toward the tip. I/ir. Riffard- thinks the third 
artifice contributes greatly to the fineness of the wing.- 
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100 C^; min o^'' ^^^^^ alone (model), O.S; 100 of the 

landing gear (model), 0.4; 100 min of airplane com- 
plete (model), 1.77; drag (calculated) diie to cooling of 
engine, 100 Cx = 0.43. Total drag of airplane used in 
calculating its performances, 100 Cx = 2#2. The trans- 
verse position of the wing opposite the fuselage with 
faces parallel at the line of junction eliminates the in- 
terference "between the wing and fusolago. The wing had 
trailing-odge flaps with a chord ocmal to 30 percent of 
the wing chord. Those flaps made it possitlo to increase 
the max about 30 percent. A double flap could have 

raised the increase to 37 percent, hut the device, after 
being tested in the wind tunnel, was not retained, duo to 
complication of the construction for a relative benefit 
which was considered inadequate. The control of the flaps 
was combined with that of the stabilizer, (See descrip- 
tion of "Superphalcno " , L ' Aoronautiquo, no. 155, p. 330, 
December 1932.) 

Construction 



Tf ing .-- A single-piece "box spar with laminated spruce 
flanges and birch plywood webs. All the calculations were 
made on the basis of the single spar, out the auxiliary 
spar to which the ailerons are hinged nearly douhles the 
strength, iTooden rihs with plain v/ehs every 15 cm (abou.t 
5,9 in.); 2 mm (0.08 in.) birch plywood covering, covered 
with glued fabric and well varnished. (Doubtless 3 Xiin 
(0.12 in.) okoumo plywood would he preferable. It has the 
same weight and greater strength.) The ailerons, oalanccd 
both statically and dynamically, are mounted on hall oea^r- 
ings. The total wing area of fne "Caudron 360" is only 
7 m^ (75.3 Sq.ft.). If the portion concealed in the fuse- 
lage, 1.06 m2 (11.4 sq.ft.), is deducted, the useful area 
is found to he only 2.97 m^ (32 sq.ft.) for each half- 
wing. If the Caudron hureau of research were to reouild 
the airplane, we believe it would reduce the wing setting 
hy a fraction of a degree (C^ varies but little in the 
vicinity of C^. ^a^^^) and would offset the corresponding 

reduction of hy an increase in the wing area. Take- 

off and landing would thus bo facilitated. 

Fuselage,- Straight sides, circular top and ellipti- 
cal hottom. The side girders each consists of a wooden lat- 
tice enclosing tv/o plywood webs, Tl:..e assemblage of these 
girders at the sternpost suffices to give thorn the correct 
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contour. They are hpllow at tlio bottom to rocoive tI:o 
wing spar which' is attached to each of thorn by two strong 
"bolts* 

Tho throo "6audr6n 360" airplanes made for the con- 
tost wore to' bo equipped with Hcgnior 210 hp, 6-cylindor 
engines- ("CauAron 335"), but, for Icick of. time, 155 hp, 
Renault Bengali bngi^cs ("Caudron oo2") were installed 
without modifying tho airplanes. As a result, tho air- 
planes wore a little too bulky and heavy for their power, 
it would have b'dcn possible to save about 40 kg (38.2 lb.) 
and increase the speed by a better adapta.tion of the air- 
pla.nb to the engine used. The engii:io . bod, in particular , 
was longer tho,n necessary for tho four cyliiadors of the 
Bengali, 

The first "Caudron 352" (figs. 20 and 2l) was de- 
stroyed in a fatal accident (fluttering of throttle valves 
duo to loosening of bolt in control system). The spring, 
which was designed to keep these valves open in case of 
failure of the control lever (it* being always possible to 
stop the engine by means of the magneto contacts) failed 
to function, probably beca.use insecurely attached by a 
careless mechanic. Tho second "Caudron 332" broke its 
landing gear in taking off diiring a tost. 

Only Delmotto^s airplane was r.blo to participate in 
the contest. The average speed for tho 2,000 km (l,243 
mi.), deducting stops (Delmotte refueled every 500 km 
(311 mi.), was 317.04 km/h (l97 mi./hr.); actual mean 
speed, 291.5 km/h (181.14 mi./hr.). The average speed was 
lower in the second half than in the first, the last 800 
km (497 mi.) being flov/n with 225 r.p.m. less of the en- • 
gins (magneto and valve spring), i.e., at 125 instead of • 
155 hp. Normally the pilot would have been able to in- 
crease the speed to 340- km/h (211«3 mi./hr.) during the 
last 1,000 km (521.4 mi.). The landing was as fine as 
the take-off; no projection of oil nor trace, of the ex- 
haust tarnished its surface. 

The performance of tho "Caudron 350" vras very remark- 
able. This airplane, equipped witli an engine of some 200 
hp., should easily attain 400 km/h (abortt 248.5 mi./hr,). 
It woi^ld then have a gross weight of 755 kg (1, 364.5 lb.), 
a weight empty of 475 kg (1,047.2 lb.) and a power loading 
of 3.5 kg/hp (7.7 lb. /hp.). 

Tho Ca^^dron Company intends to install a v/ing of 9 m^ 
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(alDout 95.88 sq.ft.), witli. a lifting section about 20 per- 
cent better tiian the one used in the contest on one of its 
"C.350". Equipped with a Renault Bengali, with a compres- 
sion ratio of 10, underfed on the vG:roiind, the airplane 
will try to beat the altitude record for monoplanes of 
les? than 450 k^^; (992 ibo) w©i.::ht empty. It should reach 
10,500 m (about 34,450 ft.). 

Intercity records of 300 km/h (186 mi,/hr.) will be 
attempted with the second . air plane equipped with a Hatier 
automatic variable-pitch propeller, which will increase 
the thrust 90 percent in taking off o With this propeller 
and trailing-edge flaps, of which Delmotte made no use in 
the contest take-offs, it. should be possible to carry suf- 
ficient fuel for a flight of about 2,500 km (about 1,550 
mil es) c 

PiaURE 12, "Caudron 360".- ITote the single landing- 
gear struts. It would soom impossible to conceive of a 
lending gear with loss head resistance. 

Ch ar act eri sties 



Sp an 


6.80 


m- 


22.31 


ft. 


Length. 


6,67 


!l 


22.54 


II 


Height 


1,33 




5.17 


II 


Viinij area 


7 




75.35 


Sq.ft. 


ITeight ompty 


405 




892.37 


lb. 


G-rof-T^s* weight 


695 


II 


1,532.21 


II 



Legends with Detailed Descriptions 



PIG-UHS 13.- Delmotte' s "Caudron 350" in line of flight. 

I'IG-URS 14.^ Delmotte' s "Caudron 350" refueling. 

PIGUHE 15.- Elements of landing gear for "Caudron 3S0" 
designed by Charlostop Company in collaboration with Cau- 
dron Companyt The shock-absorbing struts end at top in a 

cardan attachment and at the bottom in a disk which is 
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"bpXtcd to tho fork. The squaro sloovos* aro hold- at the 

top "bct^oon fittings integral with tho spar. Gharlostop 

"balloon tiros 500 by 150 mn. (19.68 oj 5^90 in.) with mag- 
nosiiim fairings. 

FIG-U'RE IS.- Attachmont of spar to fuselage in "C.3S0" 
At left, section parallel to plane of symmetry of airplane 
in center, transverse view; at right, plan view. The spar 
penetrates grooves made in bottom of each side of fuselage 
At the right of the attachments, it is first encircled by 
a distribution band of duralumin 1.25 mm (.05 in.) thick 
secured by wood screws 3 by 16 mm (.12 by .63 in.). Since 
the spar flanges are not parall el , walnut blocks are inter 
posed between them and the band. (See central figure.) 
On the front and rear- surfaces of the spar, and therefore 
above the band, thero are secured, by wood screws 4 by 20 
mm (.16 by ©79 ino) two strong plates 5" of 3.2 mm (.126 
in.) dural^^min« These plates are reinforced by riveted 
strips 3 and drilled to receive the bolts b. The wing 
is Joined to the fuselage by the four bolts b, each end- 
ing in a socket 0, in which the nut can be turned. 
Threaded duralumin rods T of 6 mm, join the fittings P 
in pairs through strong trcinsverso frames. They absorb 
the small eccentric moment which is cKorted on the strips 
B. Of course the holes in the sides of tho fiisolago aro 
reinforced by fittingSj, above and f holow, the lat- 

ter being cross-braced after the spar is mounted. On tho 
plan view it is seen that the tliickness of the webs de- 
creasees toward the interior of the fuselage. This is 
natural, since' the fixation is situated in the plane of 
the lateral girders. This method of attaching the spar 
to the fuselage is entirely nev/. It has the following 
advantages: elimination of the exterior fittings (which 
might dispense with all connection fairing) and direct 
transmission of tho stresses, without eccentricity, in the 
median plcaio of the elements which must absorb thorn. 

j^IGUHE 17.- Controls of the "Caudron 360". 

ll]^J&_c.OLntrp.l This control is represented by fine 
lines, chiefly in the upper part of the dra.wing. The 
wheel V turns the screw v which rotates the shaft A, 
Tho rods T (only one being visible on the longitudi- 
nal view) actuate tho rods ondin;:: at H, tho flaps being 
controlled directly from H at the end of their axis of 
articulation. Tho 2.xi s of tho wing passes through the 
center of R, the section being symmetrically beconvox. 
The axis of the flc^p is on the lino of zero lift. Tho 
actuation of A by v occurs very near the right-hand 
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end of this.shaft* The portion of A involved in the con 
trol of the right-hand flap is therefore very small and , 
there is therefore ?io torsional effect. On 'the contrary, 
the remaining portion, which covers practically the whole 
width of the fuselage,, acquires considerable torsion, re- 
sulting in a slight' retardation in the deflection of the 
left-hand flap, with respect to the right-hand flap. It 
is found that this difference automatically offsets the 
engine moment, thus making it possihlo to mount the fin 
exactly in the piano of symmetry of the. airplane. As in 
the "Superphalene " , the stabilizer is adjusted to the de- 
flection of the flaps, thus increasing the stability. The 
sleeve m malies it possible to throw out of gear the rods 
connecting the stabilizer to the wheel V, The control c 
makes it possible, by milled nuts, to give the stabilizer 
the. desired initial adjustment* 

gleyator controls- This is perfectly rigid and is in- 
dicated on the diag.ram by dot hatching. 

Aileron controlo-- Higid in fusela,ge; transmission by 
.piano wires in wingo The small diagram, corresponding to 
a transverse view, shows exactly to point of attachment 
of a piano wire, (See also internal aileron control in 
figure 13,) I;:otion of sleeve, ±25 percent. 

Rudder control,- Rudder bar P actuates, by 2*5 mm 
(t09S in,.) double piano wires . pas sing under the fuselage, 
a vertical shaft A^^^ mounted on the rear side of a fuse- 
lage frame 0 This shaft transmits the rotation to a pair 
of 2«5 mm piano v/ires, doubled, situated in the upper 
part of the fuselage, 

FIGURE 13c- Structural details of the "Caudron 350", 

In the center Landing- gear strut or leg and trans- 
mission of controls (at bottom), 

Ij-ef -iPE "to^bg tLtP-S*"- Middle part of fuselage, 

inside aileron control, and details of attachment of land- 
ing-gear strut to spare 

Right-hand ^ t pjD , Jb^g_b gj. t pm ,- Wing structure (one flang 
of spar cut to shovY laminae) and reax' end of fuselage (in- 
verted) « The skid is recalled by a 'sandow and its travel 
is limited by two straps. 
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Fi&'USE 'i*'9,"-- Moiint i'ng of landing-gear legs on spar in 
"Cauldron 3 80'^ , " . 

Spar structure- in vie i ni .ti^.. _o i.^Ls^^nd iiis._..g:e ar, • - 1 , 1 mm 
' ( .03*9 ill A'- ene^r' glued to spruce 2; 2, spruce "board 10 
mm' (.3 94 'in o) thick; 3, "birch plywood 3 mm (^118 in.) 
thicK J '4, duralumin strip screwed to wo"b (the veneer 1 
prevent s spruce -2 from splitting under the action of the 
screws) ; 5, supporting siirf ace (shown in section) of rear 
fitting^^'. The two fittings are. Joined "by four' 12 "mm 

(,472 in.) "bolts B, passing through spruce croGs "blocks 
.50 "by 56 mm '(l«97 "by 1.97 in.), capahlo of withstanding 
a;", cpinprbssivo force of 10,000 kg (22,046 Id.). 

' H grant i^ The Charlcstop shock a'bsor'bor exi-- 

ga.:';os in a practically square piece, the two syxame tri.cal 
sides of v;hich are assembled alo:^g the two rihs N, This 
piece, which servos to guide the -Ipg, is indicated in the 
figure oy dot hatching. It is on cased between the two 
wing.s f, in the fitting in front of and is secured 

"by "five holts. The four bolts a ...and the holt A ah- 
sorh the moment, while two washars are adjusted in the- or- 
ifices 0 of 35 mm (lo38 in^) diameter. To the holt A 
is attached the cardan joint (shown m the two detail 
sketches) , which holds the end of the shock absorher. It 
is only necessary to raise A to cause the latter to 
drop'. .The hole below A makes it possible to remove the 
brake valve. As can be verified by a few measurements, 
with the use of the scale, this mounting is very -strong 
and elegante The guiding case of the log, for exiamplo, 
has a frontal width of only 48 mm. (1.89 in.) 

FIC-UHE 20.- Side view of the "Caudron 362". 

7IG-URE 21.- :^'ro-\tview of the ''Caudron 362", 

TH3 '!!?ARMA1T--HE1TAULT" 
(figs... 22 and 25) 

The ^'arman Compa/ny had designed two wooden airplanes: 
one, with a thin braccd wing, equipped with a 400 hp. in- 
vdrtod barman engine; the other, with a cantilever wing, 
equipped with a 165 hp 0 Ken'ault Bengali engine. 

The single-wheel landing gear, which was the essen- 
tial novelty of the ?arman airplanes, had not proved dis- 
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'appointing, at least in its principle; the take-offs and 
landings not "being so difficult as was feared. The air- 

^planes quickly acquired lateral stability on their single 
wing, 'Nevertheless, t'he finishing of the Farman-Renaul t 
landing gear suffered for lack of tir/.e. 

The wing section was derived from that of the "Farman 
230." Tv/o tapered wings, attached ta the fuselage: on 
top, by embedded' bolts (as in the "Farman 230"); on the 
bottom, by multiple f i t tings^ ;Covering of 3 mm (0*12 in,) 
plyv/ood. Factor of safety, 17,5; each wing weighing, how- 
ever, only 24 (53 lb,) for 3 m^ (32»3 sq,ft,) of area, 
EnclosGd cockpit with sliding panels. Propeller of 1,9 m 
(6,23 ft,) diameter, 

Arno^ix on the "Farman-Ronaul t I.^ay 22f 1933, raised 
tho speed record for 100 km (52ol4 miles) to 303,387 km/h 
(138,52 mi,/hr,), but this record was boaton the same day 
by Delmotte on the "Caudron 350" with a speed of 333.785 
km/h (207,39 mi , /hr . ) . 

In .taking off for the Deutsch contest with fuel for 

only 500 km (310,7 miles) , the landing gear gave way and 

the propeller was damaged, 
♦ 

THE 't^AHLIAlI-FAHHAlT'' 
(figs, 24 and 25) 



T7ing of 7 percent relative thickness and dihedral of 
2 do^crees 30 minutes; no longitudinal dihedral; covering 
of okoumo plywood, 3 mm (0,12 in,) thick. Held by brace 
wires, tho lower wires being attachod^to the base of tho 
wheel box. Constant profile sot at 0 ; ailerons of 25 cm 
(9,84 in,) chord throughout span# 

In the contest Salel seemed to take off more easily 
than the other contestants. He had ta.ken on board, how- 
ever, 350 kg (771a6 lb,) of fuel and oil and 31 liters 
(8,2 gallons) of water. The pilo.t seemed to be master of 
the controls, and the airplane turned quickly. The first 
laps v/ere flown at a mean speed of 300 km/h (185,4 mi,/hr#) 
Unfortunately, a leak in the oil radiator resulted in the 
melting of the f r ont ; bear ing of the propeller ,' The emer- 
gency radiat or install ed in place of the normal radiator, 
which was damaged two days before the contest, was inade- 
qua.te, whence the failure* 
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Due to tliis reg3:et talDle incident, tlae airplane could 
not do i.t.s "best. The Farman 12 "brs engine of 90 mm (3,54 
inw), "bore and .100 mm (3., 94 in.) stroke, had a compression 
ratio, of 7,2, a supercharging ratio of 1.45 (supercharger 
not disconnocti Die) and developed 430 hp, at 4,000 r,p,a« 
(reduction propeller diameter 2#4 m (7,37 ft,), out it 
was run only at 3,700 r,p.m,, developing 270 hp. The empty 
weight of. 257 kg (56S«6 l"b«) was of interest for the power 
obtained. 

^. FIGURE 22,- "Farman-Eonault " 165 hp, airplane. 
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Fuel and oil 350 kg . 771 .62 l"b. 



It 



Water radiators 
and water 53 " 116.34 

Air radiator 8 " 17.54 " 

Gross weight 1,150 " 2,535.30 " 

A, air radiator; H, oil radiator- tcink; S, v^ater radiators. 
The three main tanks, of 83, 303, and 115 liters (32, 54, 
and 30 .gallons) emptied into the o:^>-liter (8 . 7-^^allon) 
-tank behind the wheel ."box, from which the f'liel was pumped. 

?IG-UEE 23.- ?arman airpl;^:.ne with 135 hp, lienault enr.rii'^-e 

FIGURE 25.- ?arman airplane v/ith 400 hp. Fr'rman engine. 

FIGURES 23 and 25.- Each Fariiian airplane had a sin.^ae- 
wheel - LiBssier landing gear (with "brake in tjie Farman-Farman 
and without brake in the Far man-Renault) and retractable 
skids under t]ie wing tips. 'The wheel of the "Farinan-Seiiaul t 
Was also retractable. (See fig. 27,) 

FIGURE 26.- T7ing sections of "Farman Renault'' and ''Far- 
man-Farman" airplanes. 

FIGURE 27.- "Far man- Far man" 400 hp. airplane. The fu- 
selage, of 650 by 750 mm (25.59 by 29.53 in.) mazimiim sec- 
tion, excluding wheel fairing, had, in the middle, two 
strong boxes C and over the Y;ing spars. The fin is 

integral with the headrest and fuselage. Safety factor, 
lOt Engine bearer 3 consists essentially of two duralu- 
min girders integral with fuselage. The water radiators 
wore originally situated on the sides of the fuselage, on 
both sides of the pilot's seat, but, for the contest, 
Lamblin radiators were substituted at S, "Aivaz" air ra- 
diator o-t A on the engine cowling; Aivaz oil radiator, at 
H forming the rounding in front of the box ".mder the fu- 
selage. F, frame carrying the wheel; ?, pulley; e, air 
inlet. 

FIGURE 28.- ITing of ''Farman-Farman " 400 hp. airplane. 
At the right, section and plan of wing assembly; below, 
sections of the tv;'o spars. The box spars each consisted 
of two strong flanges and two 3 inm (0.12 in.) plywood webs. 
At the attachment to the fuselage the front spar is suit- 
ably reinforced by v/ooden blocks which increase the width 
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of the upper .flange. There are reAvul arly spaced rios and 
solid cross beams botweon the ilangos at the at tadi nont 
of the br^ CO .wires t 

PICxURE 2.9.- ?uol system of "FarLian-Rcnaul t " 165 hp. 
airplane. The throo tanks empty into a 3-lit6r tank, from 
vrhich it is drawn by two pumps P. : 

?IGURE .30,- Landing gear ^ of- "Farmcm-Renanl t " 165 hp. 
airplane. C, lairin.?: of fork hinged at 0 to the front 
spar; II, jaws blocking the stop a; S, sandow (elastic 
cable); c, double ratchet f unctioniiig'-' in -both directions; 
0, attachment of lifting chain to top of P; p and p', pul- 
leys. 

Operation^- The landing gear -being down, the pilot 
turn-s a cogwheel, over v/hich passes a chain, by' means of 
a double- ratchet c. The chain, in passing around the pul- 
leys p and p-^ pulls on the'point o and makes it de- 
scend, thus raising txie wheel between the two- spars. In 
the lowered position, the fork is held elastically by the 
sandow S., the traction of which is supported, by means 
of the stop a, by the ja'^-s M. Of .course the pilot must 
liberate a by opening H before he can raise the land- 
ing gea:^. The lack of elasticity of the fork in the ver- 
tical direction, is probably rosoonsiblo for the four de- 
scents of the wheel noted during the tests and contest. 
On encountering an obstacle greater than the capacity of 
the tiro to absorb, the additional shock absorption can bo 
furnished only by the rearward yielding of the wheel. If, 
for any reason, this yielding were limitodj it is obvious 
that the fork, or its connections, v-.^ould have to yield. 
It is very remarkable, moreover, that, for each landing 
"on the belly," only the structures v.'oro damaged (propel- 
ler bent ,• cowling dented, exhaust pipe flattened) « In the 
"?arman-Ronault , " the trailing odgo of the wing is only 
45 cm (17.7 in.) from the ground, which makes capsizing 
practically impossible^ 

FIOURJ38 31 to 33.- Structural details .of "Jarman-?ar- 
man" 400 hp. 

FIQ-UHE 3.1^,- Tai,! /'surf acoa and r oar end of fti^ielage.'- 
Upp-er left-hand drawing shows attachment of brace wires to 
wing. DrawiUi^j below I'atter shows attachment of same wires 
to fuselage. (These two v^ires v/ere afterwa,rds replaced by 
a single wire.) 
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FiaURE 52.- Elevator liinge witlioiit projections. 

riG-UPwE 33. left to rir^iht.- Elastic moiint of landing 
wheel in its box and engine mount. Arrow tjoints at detail 
of engine "bearer 



THE "KELLNSE-.3ECHEHEAU 23 7.D.^» WITH 350 HP. DELAGE EIT&IITE 

(figs. 34 and 35) 



This a.irplano was not able to participate in the con- 
test. On Llay 14, Captain Vornhol, suddenly onvoloped and 
blinded in flight o'j a cloud of vapor, was forced to land 
precipitately, shattering the airplane. 

The 28 Y.D, had been finished only a f or tjii^^cht before 
the contest. vSince the propeller, an adjustable-pitch 
Raitier, braked the engine too much, its pitch was reduced 
dome five divisions the day of the accident. The pilot 
having thrown the throttle wide open, the speed mounted to 
4,400 r.p.m., instead of 4,000. 'Tho excess power developed 
may have caused tho rupture of some connection or the ob- 
struction of a pipe. 

The- airplane had boon tho object of thorough investi- 
gation in the \7ind tunnel, and its unusiial plan form was 
doubtless suitable for speed. It could receive, without 
modification, a 550 hp. enn:ine for v;hich it Wcis really de- 
signed. 

FIGURE 34.- "Zellner-Bechereau 28 V.i3." 

Characteristics 

Span 6.65 m 21.82 ft. 

Length 7.16 " 23.49 " 

Height 2.34 8.55 " 

Wing area 10.60 m^ 114.10 sq.ft. 

Airpl ane wi thout 

engine 304 kg 370.20 lb. 

Engine, empty 391 " 832.00 " 
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Engine g.ccessbries ' 2o0 kg 573,20 It, 

Tanks, eiapty . 47'- 103.53 " 

Fuel 400 " 8 81,8 5 " 

Oil 25 " 55.12 " 

Pilot c?.nd tools . 88-"" 194.00 " 

Total weight in 

ili.-iit 1,500 3, 527 • 39 " 

For tlie contest, the airplane would have had a wing 
loading of 150 kg/m^ (30.72 Iho/sq.ft.)' and its" speed 
should have heon of the order of 400 km/h (248*6 mi . /hr . ) . 
The fTiselage had a center section of Oe53 (5.24 sq.ft.) « 
The track had a width of 1.48 m (4a8o ft.)# The area of 
each aileron was Oa6o (7,1 sq.ft.). 

FIGURE 35.- View of the *5Cellner-i3echereau 28 V.D." 

?IGUHE 36.- Polars of "Kel lner-3echer eau 28 V.D." 

riGURS 37.- Arrangement of tanks and landing gear in 
wing of "Zellner-Le choreau 28 VcD." At top, plan view of 
wing and wing section through X:i; at Dottoia, vertical sec- 
tion through YY, Flan view shows the throe tanks. Hatch- 
*ing shows portion of Dottom of ono'of thorn which forms the 
wing covoringo Landing ^^oar is partially included in this 
tank. Rear spar is oent, "but a prolongation connects its 
oblique portion- to the fuselage* E, 12 mm* (0,47 in.) de- 
pression in hottom of tanks; R, holicoidal groove in which 
T;;Oves the upper end r of the leg J; Rf, tank in fuse- 
lage; S, siphon with regulating plug; T and T' , tubes 
20 "by '22 mm "^(00787 by 0*866' in.) conducting fuel to Rf ; 
U, la:iding-gear box; V, dump valve; p, compr essed^-air 
inta-ke for forward dump valtro; r, pivot; t, air vents; 
V, screw for attaching wing radiators (see detail). In 
order to comprehend the complexity of the wing structure, 
it is necessary to imagine the siiperposing of the water 
system* in thb above plan, while bearing in mind that the 
relative thickness of the wing does not exceed 12 percent. 
This airplane is the :.'irst, v/e believe, to have tanks and 
radiators both in the wing. 

j'IGURE 38.- Tfater circulation in fuselage of the '^Kell- 
nor-3cchor oau 28 V*D*" The throe drawings are all on the 
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same scale as in figure 39 and "oear tlie sarae references: 
T, equiliorium tube connecting t:io two inlets Ep from 
water pump; T' , equilibrium tube from water tan£; t, 
tliermometer So T and and tube connecting and • 

to the tanli all ha.ve crosn sections of 36 "by 38 mm (l»42 by 
1.50 in.) . 

PIGUHS 39.- ^Tater circulation in wing of 28 V.D. 

Arranr:^:Qr-.ent of radiator s_.>- The radiators cover the 
whole top of the wing to the rear spar^ and the bottom of 
the wing over a v/idth of 1.1 m (3.61 ft.). The remainder 
of the lower surface could be easily utilized, due to the 
landing gear and dump valve^ The figure Siiows the tubes 
of only one of the radiators on top of wing, but all three 
are shown on the bottom of the wing. The two front radi- 
ators encircle the leading edge and cover the top of the 
wing. (See section XX,) 

Water ci r culat ion, in wingo- Water from tank enters A 
by two tubes: A along rear spar; A.^ , in leading edge. 
These tubes empty into the radi at or- inl et tubes: 0^* for 
the radiators on top of wing, and Cr,/ , for those on the 
bottom. The cooled water flows into- the return tubes {Gj. , 
for the top radiators and Op' for the bottom ones) and 
through a single tube R, along the front spar, to the 
pump. The arrows indicate the general direction of flow. 
Of course the water follows the interior channels and it 
is only intended, by means of the a.rrows, to indicate the 
communications between the corresponding Oa and O^. 

PJv^'ffl.g'^ ,^ ■ o^_ j'^^^Q-^ <» (^^^ order to find references, 
follow the tubes.) 

1. Ai and A- , From 1 to 2 and 2', tubes 33 by 35 mm 
(l»3 by 1.38 in«); from 2 to 3 and from 2' to 3', tubes 
28 by 30 mm (id by lol8 inc); beyond 3 and 3', tubes 24 by 
26 mm (C.945 by 1.024 ino). All tubes are aluminum. The 
connections botwcon radiator and collector are tubes of 24 
by 26 mm. 

JI&UHE 40.- Oil radiator. Above, from left to right, 
lateral rear view, and front views of oil radiator tank in 

'28 VoD. ■ A, oil intake; C ,• ' at tachment collar on 
nose of engine; C^^ , lower collectors; "- Cg, upper collec- 
tor; R, return to pumps; V, drain (and filling) valve; 
b, band of 0.6 mm copper riveted and soldered to radiator 
for attaching to covering; s, air vent. 



H.A.C.A. Techn-ical Memorandiim ITo, 724 



FIOUP.E 41.- Engine bed of K..-3^ 33 V,D, Atove, front 
view* On the right, elevation and plan views. The engine 
"bed: consists mainly of two sheet--met al structures, riv- 
eted to the fuselage. The attaching plates are supported 
by the longerons L and the angles E. The front of the 
bed is stiffened by a box C and a plate T, At the rear 
the attaching plates are united, at the axis, by a roin- 
forccmon-t' r, while the longerons are bent and secured to 
the fusolago by the gussets 

FT&URE 42,- Spar structure. Central wob of 2 mm 
(0.079 in.) traverses fuselage, and is firmly attached to 
it by strong angles C. The end webs (l.G mn (0.0S3 in.) 
dural) are attached to centra], wob by two gusisots G- ox 
duralumin-- of 1 mm thickness. Nos. 1 to 5 are stiffening 
angles of 16 by 16 by 1.25 mm (0.53 by 0.63 by 0.049 in.)* 
L and rib connections, in ajiglos 20 by. 20 by 2 mm (0.787 
by 0.787 by 0.079 in.); c, angles of CiT12 stocl, 2 mm 
(0.079 in.) thick; c*, duralumin angles 25 by 16 by "2 mm 
(0.984 by 0.53 by 0.079 in.). 

• FIG-UP.E 43.- Mounting of stabilizer , adjustable dtiring 
flight, on the K.-.3. 28 V.r. 

Princi'ple The method of mounting the stabilizer on 
the 28 V.D. is applicable to a tail surface situated 

in the median lino of the fuselage. When the stabilizer 
is in a single piece, it is necessary, in order to permit 
its deflection, to make a channel in the fuselage, thus . 
weakening the latter. Llr. Bechereau preferred to .divide 
the stabiliser into two symmetrical halves. 

5-§J-PXip.tio.n.- The transverse girder P is mounted 
solidly on the fuselage C, by means of angles c. The 
ends of P form bearings p and p^, for a tube T, at 
both ends of which, at K and K' , are mounted the' two . 
halves of the stabilizer. At the rear, these two parts 
rest on a girder P' traversing the fuselage through a 
very small channel. P' carries, in the middle; a support 
S, which can be moved up or down by the screw V oper- 
ated from the cockpit. In short, the stabilizer is held 
at throe points, p, p^t and S. 

JI&UEE 44.-. Structural details of K.-S. 28 V.D. 
'Bel'ow, 'two drawings of stabilizer niotinfing, and betT7eo'n 
them a detail' of the threading .of the rib's on tho. trans- 
verse • aluminum box, at tho two 'ends of which the stabil- 
izer can pivot. ..At tho right,, a po.rtion of tho landing" 
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goar^' At? tho top of the leg, note the Jail (engaged in 
the tube wi th heli CO idal groove), as also the arresting' 
device,: - At the "bottom of the P^'^-^e, another view of a por- 
.tionr of the landing gear. 

FIGURE 45.- View of left engine- bearer and forward 
portion of airplane. All the right-hand portion is re- 
moved to show^ .inside of fuselage* 

FIGURE 46.- Bechereau quick-dumping device. This de- 
vice, located on the lower side of the wing was " specj ally- 
designed for swift airplanes. It is perfectly flush with 
the surface of the wing. 

On the bottom of the tank is mounted a base 1; a.ssem- 
blage rendered tight by a patented joint 2. The d\imping 
orifice 0 is normally closed by a disk 6 of C.5 mm (0.02 
ii;,) copper with crimped edge. To the eir cumf or once of 
this disk is soldered a lead shoulder" 5 of 0^5 mm (OoC2 
in,) extending about 18 mm (0,709 in,) beyond the crimped 
edge. The projecting jpart of tho lead is applied to tho 
lower part of base 1 and is hold by an annular cover 3 
v/ith tho interposition of tho patented joint 4, Inside 
of 1 is a piston 7 of stamped 0,3 mm (0,031 in,) stool t ca- 
pable of sliding in the piece which receives it. Above 
this piston is a sort of dome or valve 8 of 1,5 mm (0,059 
in,) L2R alloy. The piston and valve are normally sepa- 
rated from each other by a weak spring 10, leaving a cham- 
ber 9 between them. 

Pressure is created in the chamber 9 (small flask of 
carbonic acid gas, which is led through a tube T to the 
connection r in the base 1. The valve 8 is pressed 
against its seat and the piston 7 is pushed downward, cut- 
ting the lead joint 5 along the circle PIT, The parts 6 
and 7 then fall, followed by tho valve 8, The latter can- 
not possibly jam, because its diameter is loss than that 
of the piston. 

The whole mechanism weighs only 0,58 kg (l,5 lb,) for 
an orifico of 10 cm (3,94 in#) diameter. It has alwa^^s 
worked perfectly in numerous tests, A pressure of only 4 
kg/cm^ (56,89 lb,/sq.in,) exerts a total force of about 
376 kg (829 lb,) on tho joint, tho diameter of the hole 
being 11 cm (4.33 in,) , 

FIGURE 47.- Rotractablc landing nO'^r of the K,-B 28 
V,D, The legend is given for one wheel only, B and 3^ , 
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cylinders of- conprosscd air; Ci , cable acting on l,over 
D; Ca, cable winding on drum T;, • 63, cable releasing 
catch K; r, lover for securing in raised position; K, 
catch for holding in rolling position; L .and L*, con- 
trol lovers; P, pump;.. R, helicoidal groove for the ball 
r; S, elastic cable; T,. lowering dr^^m; V, valve for 
initial filling; G, valve for releasing air from P; m, 
.manonet or ;, r and r', extreme positions of, ball; s, 
safety valve. 

S'o.-l Pull on C3 by means of L'* This release 
catch K and opens P to the air. The elastic cable S 
then roitrac t s leg to elevated position. TTnon clear up, 
the lower end of leg is locked at 

A2_.l9-F.Gr Pull on L» . This liberates D and then 
establishes communication between B and P. The piston in 
P . is actuated and causes the rotation of the drum T 
which pulls on Cg thus lowering the whoel and putting 
S under • tensionc '^hon clear down, the safety catch Z 
holds it. is a reserve cylinder of compressed air. 
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ElTCrlFSS USED III THE 19S3 DSUTSCH DE LA MEURTHE COITTEST* 

'By L • li i r s cl'i r-v r 

The Potez 9B Ijngine 

This engine (fi^. 43) was specially dpsigned to sat- 
isfy the conditions for 'use on Potez air"olanes in the 
Peutsch de la Meurthe speed contest^ Its characteristics 
were estalDlished on the basis of the prescribed piston-* 
displacement limit of 8 liters (488 cUoin.), taking into 
account the necessity of combining sufficient endurance 
with minimum frontal area and maximum pov/er, in order to 
satisfy, iri thout abnormal fatigue, the conditions of the 
contest, both in the Qualifying tests and in the tv;o 
1,000 km (621 a 4 milosf flights. 

It was decided to design an air-cooled radial engine, 
as being of homogeneous simplicity and of size compatible 
with the dimensions of the airplane, in order to obtain, 
with a suitable covvling, a very great fineness which, 
moreover, was verified and improved by wind-tunnel tests 
on a large-scale model of the engine and fuselage. This 
design made it possible to profit by the experience with 
certain details of the Potez 9A, of 9^75 liters (594,98 
cUoin») , from which the 93 was derived by reducing the 
piston displacemunt and by supercharging. S-^p er charging 
was adopted in order to obtain a high power for the stip- 
ulated piston displacement, because this made it possible 
to obtain the requisite mean pressure \7ithoiit recourse to 
compression ratios that would produce excessive pressiires 
and explosion temperatures. The direct propeller drive 
was adopted after thorough inve st i gat i on^ because it yield- 
ed a high propeller efficiency and because it had the ad- 
vantage of simplicity and of reduced weighte The follow- 
ing are the characteristics of this air-cooled radial 9- 
cylinder engine with centrifugal supercharger. 

Characteristics 

Total piston displace- 

^-ent 8 liters 483 cu^in. 

-■^ore 93 mm 3.86 in, 

Stroke . .,.11.7.. " : . ' 4.61 . .. ' 

% ... • • • • - 

Comrpression ratio ' 6 

Maximum power 310 hp, at 2,500 r.p.m. 

*1 ' Aerophile, June 193 5, pp. 177-180. 
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Weight, empty 170 kg 374.79 Id, 

Maximum diameter 950 mm 37.40 in. 

Supercharging ratio 1 .45 

Multiplication ratio- 

of supercharger 11.5 

The Renault Bengali Engine 



All the parts of this engine (fig, 49) are the same 
as in the stock Bengali engine, v/ith .the exception of tlie 
pistons, which were changed so as to increase t}ie com- 
pression ratio from 5#6 to 8. The cylinder :iieads are 
made of aluminum alloyt independent of the enameled steel 
cylinders, and are secured "by for.r rods screwed into the 
crankcase. Each cylinder has one intake and one exhaust 
valve. The valve rockers arc hathod "by the oil contained 
in the cases which arc hold oy milled "bolts and can "bo 
easily romovod. 

The crankshaft is supported hy fivo plain "bearings, 
A thrust hall iDearing permits the uso of either a trac- 
tor or a puslior propeller. The propeller is carried hy a 
romovahlo slocvo. It turns anti-clockwise as viewed from 
the pilot ' s po st . 

A gear on the crankshaft drives the camshaft and the 
oil pumps, A transmission shaft, at the end of the crank 
shaft, operates the magnetos, the fuel pumps, and the 
tachometer. The connecting rods are made of forged dural 
umin; pistons, of aluminum alloy, v/ith two rings and one 
oil scraper. The piston pin is free in its "bearings and 
in the small end of connecting rod. It is held laterally 
by steel cheeks. Upper part of crankcase is of ma.gnesium 
and serves only as a tight cover. Lower part of crank- 
case is made of special aluminum alloy. The rear end car 
ries the magnetos, the oil pumps, and the fuel p-amps, Th 
thrust, bearing of the crankshaft is in the front end of 
the crankcase. 

Ignition, by two Scintilla ma.5';netos with automatic ig 
nition advance. One magneto is provided with a rele3.se 
mechanism to facilitate starting* Li>fnt Renault spark 
plugs of 12 mm diameter are used. 
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A. geared piimp conveys the lutricatins oil to a tank 
outside the engine and delivers it under pressure to the 
crankshaft bearings and to the rear camshaft hearing. The 
big ends of the connecting rods are lubricated under pres- 
sure; the small ends of the connecting rods, the pistons 
and cylinders, by splashing. The oil, passing throiigh the 
inside oi the camshaft, liibricates the bearings and then, 
escaping through holes in the cc.ms, lubricates them and 
their tappets. 

Rotary AM fuel pumps; Viet starter a.ctuatod by the 
forward end of the camshaft. The valves are in one of 

the tubes serving to secure the siipport of tho valvo rock- 
ers. 

Char act or i st i cs 

Bore 120 mm 4.72 in. 

Stroke 140 5.51 " 

Total piston displace- 
ment 6.33 liters 386.28 

cu. in . 

Power 170 hp. 

Speed 2,500 r.p.m. 

G-ross weight, with 

pumps 135kg 297,G2"lb. 

This engine has no supercharger. Its higli compres- 
sion ratio necessitates the t\se of a special fuel (fig« 
50). 

The Regnier Engine 



This air-cooled S-cylinder inverted engine was de- 
signed on the basis of experience acquired with many en- 
gines in use (figs, 51 and 52), It was made entirely in 
France, 'with the exception of tho ma,r};netos, which wore made 
to order in Coventry, England, t.-nd of the carburetors, 
which are of tae Claudel license acquired by Hobson« 

This engine passed its torguo-stand tests, including 
an endurance test of fifty hours, three hours of which 
were at full power (2,450 r.p«m.). Dismantling, after the 
above tests, revealed no fatigue. 
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Chr..ra.c t eri st i cs 
Bore ' - • 114 iniri 4.49 in. 

. Stroke 130 " 5.12 

Piston di splacement 7.95 liters 48 6 cu^in. 
- Compression ratio 6«2 
Fovrer at 2,150 r.p.nio 190 hp. 
rorrer at 2,450 r.p.m. 220 hp. 

Gross -weight, alJout 206 kg 454.15 Ih. 

..Power loadin.^ " 0.95 kg/hp 2.09 lb. /hp. 

Specific Fuel Consumption 
At full power 60 litsrs/h 15.85 gal./hr, 

At 2,150 rcp*m. 45 " 11.B9 " 

Specific oil consumrption 0.75 " 0.198 
Ignition: two British Thomson-IIcis t on magnetos. 
Lubrication: two Ivlartin 3!Io . 0 rotary pumps. 
Two Claudel-IIob son AL48A carburetors. 
Tractor propeller, without reduction gear. 

The Parman 123.R.S. Engine 



This engine, with 12 inverted cylinders arranged in 
two banks at an angle of 60^ and with reduction gear and 
. Suiper ch-arger , is cooled by water with supplementary air 
cooling by fins (fig. 53) . 

The cylinder jackets are steel • They are fitted to 
the bottom of .the crankcase and-riave coolin.^ fins. The 
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tops of the jaclrots of tho six cylinders of oach iDank arc 
fitted into a wator-*"coclod "blocj: of li^':lit alloy. 

The crankshaft is mado of hi^-h- ton silo stool and has 
seven bearings, The front end carries tho reduction gear; 
the roar end, tho goaring for tho super chargor and accos- 
soriest 

Tho pistons are made of special alloy with piston 
rings and oil scrapero Tlio piston pins t-cirn freely in 
pistonso The connecting-rod assomhly consists of a mas- 
ter connecting rod, turning on a plain "bearing, and an 
articulated connecting rod. 

There are two camshafts at the top of the cylinder 
"bankso Each cylinder lias one intake and one exhaust 
valvo, each valvo hoing rocallod "by two concentric springs. 

The autononoiis red^iction gear is fitted to the front 
end of tho cranlrcr^so with an aluminum housing in which are 
mounted^ 1^ a stat;lonary gear; 2, propeller shaft on "ball 
tearing in front end of housing and on interior crankshaft 
iDearingo The propeller shaft has three arms on which turn 
intermediate fears on plain hearings; 3, gear driven "by 
crankshaft © 

Viet startor or I'arman cartridge starter, with or 
without aiitomatic release, the body of tho starter being 
fitted to the oyilndor block, in which a special cartridge 
explodes,^ i'liis body is connected by a tube to a valve 
chambei* fitted to the shoulder provided for this purpose 
on the cylinder o The supercharger consists of a wheel 
that compr'^sses tl'ie air and forces it into a volute from 
which it passes into the air radiator. The control con- 
sists of a fiictional device which can slip in case of too 
sudden acceleration and which constantly exerts a force 
equal to the force required for the air compression. 

The cooling is ei'^fected: 1« at the top of the cylin- 
ders, by the circulation of water from a centrifugal pump 
with two 'outlets behind the engine; 2, at the bottom of 
the cylinders, by air-cooled finSc 

Lubrication is effected by four geared pumps which 
insure the flow of fresh oil from the tank to the engine 
and the return pi the excess oilo 
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Curves of Povrer and of Fuel Consumiot ion 

(fig, 54) 

A, -power curve at sea level, enf-:ine 12 BHS , 9,5 liters 
. "(579.'72 .cu.ln.) . •• 

. power curve at sea level, engine 12 3P.S, .8 liters 
U^83.19 cu.in.) . 

C, I) eiit sell- trophy type, 

fuel-consumption curve. 

The carturetion is effected "by four Zenith car Ou.ret- 
ors. The air supplied "by the super char .::;^er is cooled in 
an -air radiator "before reaching the carburetors, Irni- 
tion is by two magnetos behind the engine. The variation 
..in spark advance is effected by the rotation of the arma- 
ture. The connections for the control of the fuel p-amps 
and revolution counters are located at the rear; oi. the 
engine. 

Characteristics 

Total length, with supor- 
charger and reduction 

gear 1,280 m 4,2 ft. 

Maximum over-all width 0,596 " 1.96 " 

Maximum over-all height 0,740 " 2.43 " 

Bore 90.5 ram 3,56 in. 

Stroke 100 to 105.0 4.13 

Total piston displacement 7,892 liters 481.6 cu.in. 

Piston displacement per 

minute ^ ,15.800 m^ 557.97 cu.ft. 

Compression ratio- 7,5 

Sea-level power equivalent 

of 'supercharged' -engi'Ae. - /• • 

at 4,000 r.p.m, ■ 420 h'o. 
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Specific fuel consumption 230 ^:/hp/h 



.507 Ib./hp./hr. 



Specific oil consumption 



o 



ti 



.02 



Reduction- gear 



rt io 



2,25 



Prer^sure produced Farman 
centrifugal siiper char ger 



1,120 mm 



44.1 in. 

(at sea level) 



Total weight of engine and 
accessories 



230 kg 



507.06 lb. 



The Delage 12 C.E.D.l.R.S. Engine 



This engine, rated at 370 hp., has already developed 
420 hp. in the tests and may "be expected to attain 450 hp, 
(fig. 55), During the flights of the "Kellner-Be'cher eau" 
airplane, the propeller was poorly adapted, revolving at 
3,100 r.p^mo on the ground and 4,800 in flight; that is 
to say, too fast. 

The accident to the airplane was due to the rupture 
of a ruhber ring het^yeen the engine and the radiator. 
The steam "blinded the pilot, who made a completely blind 
landing. • 

This inverted engine has 12 cylinders in two banks 
at an angle of 60 • The valves are operated by rockers 
and rods. The recall of the valves is e:''focted by springs 
situated not on the valve biit 021 the end of a reduction 
lever, thus reducing the amplitude of the natural oscil- 
lations of the springs and increasing their damping effect 
(Delage patent) . 

The nitrided steel cylinders are immersed in water. 
The cylinders serve only to guide the pistons and do not 
work in traction. The valve seats and spark-plug sockets 
are made of a special bronze. The top of the crankcase 
serves simply as an air-tight cover o The crankshaft is 
perfectly balanced, in order to eliminate the stresses on 
the bearings. The two-part connecting rods of cb.rome- 
nickel stoel are mounted on rollers directly on the crank- 
shaft. Tho supercharger is the sa-:ie typo as used on the 
Delage automobiles. 



This supercharger consists of a case (A) of light al- 
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Lo^/*, pr'ovided with t\To l^^r^.'e openings: one (3) for intake, 
the other (C) for the outlet « Inside this case are two 
rotors (Di and Dpj controlled in their rotation 'by gears 
(S^ r.nd Eg) o r'i^^iirG 55 represents cams with tvro 'ar:.is or 
cogs, "but threu or even .uoro conld he used. 'By increasing; 
the niimoor of cogs, the ::oar p"i-ap is appro achod. 

•ITho ^^ain case is closed at "both ends h^ plates (Pi 
. and, Pg)'/. wliich support tlie cam hearin£:So An' in a goa.r 
pump, the cams carry the air from the inlet to the outlet 
orif.lce, ^the output being proportional voer revolution to 
four tiiiies th^ hatched area 3. The volume trie- output is 
proportional to t:io length of the body of the supercharg- 
er. The end of one -of the cams is provided with grooves 
for driving: the supercharger* A case houses the gears 
connecting the cams, insures tightness for their luhrica-- 
tioiij and servos at the sai^ie time a.s a support for the 
supercharger. 

The efficiency of this siiper charger is almost con- 
stant at any speed. One can easily ootr.in pressures of 
lt5 hg/cm- (21^34 Ibc/sq.inO ahovo the atmospheric pres- 
sure, or ahout 2o5 Irg/cm^ (35o5b Ibo/sqoin.) aosolute 
pressure, and negative pressures of aVout 0o85 kg/cm^ 
(I2i09 lh,/sqoino) or O.lo kg/cm- (2o56 lo./sqein.) abso- 
lute. The earhiiretor can he located qt either the intake 
or outlet end of t-ie supercharger © 

These super charge!!? s are no heavier than centrifugal 
super char ';ers in proportion to their output. They have 
simpiici':y, reliability of operation without wear, a':il- 
ity, without loss of power, to deliver, at the same speed, 
a:' constant volume with intrJ^o pressures varying from 1 to 
0,5, a'very great output "for a high compression ratio and, 
due to the relatively low speed, necessitate no special 
clutch nor change in speed. 

Characteri sties 

■ }3ore 100 mm 3,94 in. 

Stroke 84 3.31 . " 



Piston displacement 
Compr e s s i o n r at i o 



7,95 liters 
,5o2 



485.13 cu.in. 
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Eatod povror 

Speod of engine 

Speed of propeller 
(2 superposed re- 
duction gears) 

W.eight 



3 70 hp. 
3,900 r.p^m. 



1,900 " 
350 kg 793. S6 
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LESSOHS LE.ABITSr FROM TH2 1933 DEU2SCH DS LA I.ISU3TH3 COITT^ST* 

3y Raymond Saladin 



The Deutsch contest of July 197j3 proved very instruc- 
tive, ^e 'V7ill recall "briefly the reason for its rer^ula- 
tions, namely, to ohta^in the maxirauh speed' for "a distance 
of 2,000 km (l,242,27 miles) from an airplane equipped ^ith 
an enc';^inei; havin^T a piston, displacement not exceeding 8 
liters (4(38.2 cu.in.) » 

This left f;:reat latitude to the desi^:ners. ^Tithout 
wishing to dispara^jc the Service Technique do l^Aoronau- 
tique, ^Thich does all it can (and its task is not al\-vays 
easy), it rrnist he reco.^nized that its very strict rules 
sometimes interfere .?:reatly Trith the initia^tive of our 
airplane desi^-ners» The regulations for the Teutsch con- 
test licerated them from their custonary limitations, and 
the results exceeded all expectat i on s « 

In fact, rotes, Pwenault, and ?armj-:.n obtained from 
their engines (all helow 8 liters piston displacement) 
powers of 270 hp., 170 hp., and 400 hp., respectively. • 
The refined airplane cellules enabled the following: speeds: 
Potez, 7^56 km/h (221*2 mi./hr.) maximum, 322 km/h (200.1 
mi./hr.) mean; Caudron, 333 km/h (205.9 mi./hr.) maximum , 
317 km/h (l97 mi./hr.) moan; Farman,^3oO km/h (205.1 mi./ 
hr.) maximum, 300 km/h (13 5.4 mi./hr.) mean. I may add 
that the Parman, which v/as ohliged to quit on account of 
some mechanical defect, never gave the impression that its 
pilot, Sal el, had demanded the maximum of his enr?:ine. The 
maximums are considered here, not as is customary but as 
extended to cover 100 km (52»1 miles), or one lap of the 
Doutsch contest, which ^;'ivos them added si:5nif i canco. 

In the present state of dcvoiopmont, nothin-^ cotter 
can Do demanded of the ons^^incs. T^.o 19o3 Dcutsch contest 
for m.odium-sizcd airplanes has oponod the doors for the 
1934 contest. It has accomplished its purpose* 

The airplanes were all monopl'\nes# They all had hi;:^h 
wing- loadings of more than 100 kg/m*'' (20,43 lo./sn.ft.). 
The small, compact, thickset win<i:;s resei.ioled plani'ng fires 
and permitted only very Ion;: a::.d dan-i^ierous take-offs and 
landings at speeds of 130 to 200 km/h (111.B5 to 124.3 mi./ 
hr.) . But, once in the air, the^" permitted hi-fa speeds 
facilitated by the st reaimlining of the whole according to 



*La l^ature, Au^-^ust 1933. 
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the piirest principles of livdrodynamics. The designers 
had f:iven special attention to the engine cowlings, fuse- 
lages, and landing p;ears« 

The Potez had an ordinary landing gear retractable 
into the wing during flight* This feature added ahout 40 
km/h (24«86 mi./hr.) to the speed of the airplane* The 
Farman had a singlo-wheel landing gear which was "swallowed 
"by the fusel a.^e during flight. The landing gear ox the 
Caudron was not retract alile , hut was faired so as to of- 
fer the least possible head resistance despite the handi*- 
cap of "being fixed. 

The fuel consumptions were extremely small for the 
speeds attained. Detre, vjinner in hi s ''?o t ez-Po t ez , used 
less, than 15 liters (3.93 gallons) per 100 km (S2,l miles), 
and Delmotte, second on his " Caudr on-Eenav.l t " , only 19 
liters (5 gallons) for the same distance. These figures 
are less than for aiit omobilles "de luxe," 

The 1953 Deutsch contest made it possible to realize 
a- superior engines-cellule assembly from wliich can be de- 
rived, on the one hand, remarkable pr.rsuit airplanes and, 
on the other hand, fast touring airplanes. The practical 
use of airplanes derived from racing airplanes, with the 
inevitable changes for qu.-^ntity production, is now only 
a question of r.ont_is. 

Parenthetically, it may be remarked that the airplanes 
of the Deutsch contest were very difficult to pilot (like 
all fine racing airplanes with heavy wing loading) and 
could not be entrusted to any average pilot. Only first- 
class pilots could make them do their best, De'tre, the 
victor, Delr.otte, Salel, Arnoux, and lemoine all showed 
great skill, 

I new com.e to the only foreign contestant for the 
trophy, the Snglishm.an Comper, of whom no mention has yet 
been made* He finished the course at over 238 km/h (141,67 
mi,/hr,) v/ith an engine of only 13 5 hp, and on a strictly 
stock airplane^ This demonstration was useful. It dem- 
onstrated the qualities of the cellv-le and engine, as well 
as the skill of the pilot. The Englishman took the chance 
of regularity, awaiting the weakening of his adversaries 
in order to finish alone, trusting in the strength of his 
engine 'and thinking that the efforts required of the con- 
testing engines would not allow them to finish the 2,000 
km (1,242.7 mi,). He fell behind, but kept pegging a.way 
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and finished in a veritable b:irst of speed,' alone and with- 
out audience, sin6e his conquerors had lon.^' since arrived. 

The preparation for the Doutsch contest had cost dear- 
ly. Ludovic Arrachart had "been killed, and Vailot ha.d 
seriov.sly damaged his airplane^ In the contest itself, 
there was only one accident, 'that of Arnoux, whose air*- 
plane noosed oyor in the attempt to take off, due to the 
failitre of the single-wheol landing sear, so tliat he was 
eliminated froiii the race. 

After the war, v^hen the speed of SOO km/h (18S.4 ni./ 
hr,) wo.s exceeded for the first time ("by Sadi Lecolnte, 
October 20, 1920), piston displacements of the order of 
25 liters (1 ,525,5 cu.in.) were employed :^or en/^ines on 
racinj;^' airplanes, yielding about 500 hp * In 1933, a speed 
•of 322 kin/h (2OO0I mi./hrO was attained with a piston 
displacement of only 8 liters (488.2 cu.in.) and 270 hp. 
Ivioreover, this speed was maintained for 2,000 km (1,242.7 
miles), while the first 300 km/h (185.4 mi./hr.) was main- 
tained for only -e few kilometers. 

The Deutsch contest therefore illustrates the prog- 
ress in sp':ed from 1920 to 1933. ffe now know that future 
touring airT)lanes will have a hi^h mean speed, because 
racing airp'lanes ^re always the progenitors of normal air- 
planes and lar,"^e speed ranges. It is possible to predict 
new economical piirsuit airplanes of increased efficiency 
as a result of the researches due to the Deutsch contest. 

In the matter of speed (for its practical applica- 
tions), it is interesting to note that a greater speed 
was made in 1953 than in 1920 and with a piston displace- 
ment three and one half times smaller. This fact shows 
a trend toward economic aviation of high efficiency. This 
is more important with respect to the near future tha,n the 
increase in th^^. world's speed record, for all classes, 
from 300 km/h (186.4 mi./hr.) with 350 hp. in 1920, to 
700 km/h (435 mi./hr.) in 1933, but with the enormous ex- 
penditure of 2,000 horsepower. 

The gain realized in the .Deutsch contest is of much, 
more interest, as it reveals the value of its regiilations 
and the effect it will have on future prO'-:ress. Nothing 
must be neglected for insuring ,t]ie future of aviation. 
This is why the regulations of the 1933 contest should bo 
marked with a white stone in the annals of the air. The 
indispensable researches in pure speed must in practice. 
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to accompaniod ty an incroaso in tho speod rr.n.-'^c. It is 
in tiiir> connoction tlirt the i oadin edge and trailing:- 
edge flaps tised in Snes'land and G-ermany are of intererst. 

It is asked wh^^ Prance lias not made raore use of tliose 
two stipplementa,ry rnotliods of sustent at ion , v;ith the ad- 
vanta.^os of w:iich wo are v:ell acquainted. Those advanta.-^os 
will tocorr.e ail tho rnoro uiarlcod a.s thoy aro a:j\;licd to very 
hir7:h-.spood airplanes. Ajnoricans aro ■j.sln^ those dovicos 
on coramorcial airplanes at spjods oi tho order of 300 
h (186.4 nii./hr.). It is lo£.:ical that wo shov.id soon soo 
them used in Franco. 



Translation hy Dwi;;^ht 1.1, I/Iincr, 
National Advisory Connnittco 
for Aoronautics. 



TABLE I. AIRPLANES 



Type 


Engine 


Span 


Length 


Heighl 


I 

1 

Area 


Weight 
without 
fuel 


Total 
weight 


Weight 
per 


Weight 
p«r 
hp. 


Fastest 
lap 
speed 


m 

ft. 


m 

ft. 


m 

ft. 


2 

m 

sq.f t . 


kg 
lb. 


kg 
lb. 


m2 in kg 
sq.ft. in lb. 


kg 
lb. 


km/h 
mi./hr . 


Potez 53 


Potez 9B 310 hp. 


6. 65 
21.82 


5.40 
17.72 


1.60 
5.91 


7,20 
77.50 


600.0 
1322 . 8 


900.0 
1984.2 


125.0 
25.6 


2.9 

6.39 


356.0 
221.2 


Ca-udron 3 60 


Regnier 210 hp. 


6.80 
22.31 


6,87 
22.54 


1.88 
6.17 


7.00 
75,35 


480* 
1058.2 


695.0 
1532 .2 


99.30 
20.33 


3.31 
7.30 


317.0 
197.0 


Farman 


Renault 165 hp. 


5.98 
19.62 


5.60 
18.04 


1 .35 
4.43 


6.26 
67.38 


425*0 
936.96 


615.0 
1555.8 


98.20 
20.12 


3.73 
8.22 


303.4 
188.5 


Farinan 


Farman 400 hp. 


8.10 
26.57 


6.91 
22.67 


1.55 
4. 99 


9.31 
100.2 


650.0 
1433.0 


1150.0 
2535.3 


123.5 
25.3 


2.88 
S.S5 


300.0 
186.4 


Kellner- 
Becr.ereau 
28 V.D, 


Delage 550 hp* 


6.65 
21.82 


7.16 
25.49 


2.64 
8.66 


10.6 
114.1 


990* 
2182.6 


16GC.0 
3527.4 

4 


150.9 
30.91 


4*57 
10.08 


400* 
248,6 



Note.- Data compiled from L 'Aeronaiitique , July and Aug^-ist 1S33. 

The upper figures in each case are in metric units; the lower figures, in English units^ 

♦Estimated . 
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TAdLS II. ENGINES 



Type 


Horse- 


i 

i 

Cooling i Nuir.ber of 


Bore 


Stroke 


1 

Displace- 

i:.'ent 


Compression 
ratio 


system 

— 

air 


cylinders 


in. 


rvm 
in. 


liters 
cuv in. 




Potez 9B 


310 


s 


98 
2.86 


117 


8.0 
488.2 


6 


Renault Bengali 


170 


air 


6 


720 
4.?2 


140 
5.51 


6.33 

386.3 


8 


Regnier 


190-220 

1 ' 


air 


6 


114 
4.49 


130 
5.12 


7.95 
485.1 


6.2 


1 

barman 12 E.R.Sc 


400 


water 


12 


90,5 
3.56 


105 
4,13 


7.892 
481.6 


7.5 

1 t 



Note,- Data compiled from I'Alrophile, June lS3o. 

The upper figures in each case are in metric ^inits; the lever figures, in English 
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Pigs. 1,4,5,6 
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2M. ^^yn \ 




^ — ■ — 




Wing area; 7.20 m'^ 



Span 6.65 m (21.82 ft. 
Length 5.40 " (17.72 " 
Height 1.80 " ( 5.91 

Figure It" General arrangement drawing of the 
Potez 53 airplane. 



(77.50 sq.ft.) 
310 hp. Potez 9 B engine. 




Figure 4.~ Longitudinal 

section of 
the Potez 53 airplane. 



Key for Figure 5, 



— Induced polar 
--Wing alone 
--Cockpit covered 
Cockpit open 



With wing-fuselage filet 

Without wing-fuselage filet 

A With inner-wheel fairing 
V Without inner-wheel fairing 




Figure 5. Figure 6 

Figures 5,6.- Results of wind tunnel tests with models of Potez 53. 
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Figs. 7^11 




Figure 7.- Aileron controls of the Potez 53 airplane. 




Figure 11.- Diagram of retractable landing gear. 
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Figs. 8,9,10 
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Tig», 12,13,14,15 




Spaa 6,80 m (22.31 ft.) flag area 7. 

Length 6.87 " (22.54 « ) (75.35 sq.ft.) 

Height 1.88 " ( 6.17 ■ ) 

Igore 12.- Gtaaeiral arraagament drawing of the Caudroa 360 airplaae. 




Pigure 14.- Ihe Csadroa 360 beiag refaeled. 
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Figure 18. Structural 
details of 
the Caudron 360 
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Tigare 19«- Uoimting of Iflndlng gear on spar. 




Tigore 20.^ Side view of the Caxidron 362. 




ngare 21«- Aront vtew of the Caandron 362. 



VJUCA* feefanlcal M«BoraadcB Vo. 724 Jig^* 22,23,25 




X7 



Spaa 6.98 m ( 19.62 ft.) flag area; 6.26 jsfi (67.38 sq.ft.) 
LeagOi 5.50 " ( 18.04 " ) 

Hei«^t 1.35 " ( 4.43 " ) 166 hp Beosolt englae. 
Tlgore 22.- Oeaeral arraagoneat drawlag of the TaxmaaF^eaaolt alrplaae. 




Tlgore 23.«> View of the Vaxmaa-Beaoolt alrplaae. 




Tigare 25** Tlew of the Jaxatar-Jteanaaa alrplaae. 
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Span 8,10 m ( 26.57 ft.) Wing area; 9,31 m2 (100.21 sq.ft.) 
Length 6.91 « ( 22.67 « ) 

Heighit 1.53 " ( 4.99 " ) Paxman 400 hp engine. 
Figure 24,- Oeneral arrangement drawing of the Farman-Panaan airplane. 
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rigure 26.- Wing 

sections 
used on the Farman 
airplanes « 




69 



Farman-7arman 
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TUS9» 34,35,36 




9pMi 6,66 a (21,83 ft.) flag •raa; 10.6 (114,1 ■4,ft,) 
L«0«th 7.16 • (23.49 " ) 
H«l«ht 8.64 " ( 8.66 « ) 

llgare 34,- taMarax •rnagmuo.t imiag of the Zell&er<J36chere«a 
28 T.I). alrplaiM, 




-'ire ?~ 7l«w of the Kellner-Mchereea 28 V.D. 
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Usare 36.- Polars 
of the 
Kellner-Bdeherean 
28 T.O. 



8 12 16 20 24 28 
-100 Cx 
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FigB. 37,40 
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Figs. 38,47 
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Fig. 39 




Channel of top radiator _ 

Location of bottom " _ 

Collector of top " (Co or Cp) 

" " bottom " or C ' ) ^ _ Sn^^"; 

Connection between tubes of difrerent diameter. - t tbrri 

(Arabic figures, water intake. Roman^ return).. ^ i^jir^ 

Radiator collector connections > — i 

Direction of water circulation in tube • — ^ ' 

Circulation in radiator - top - — ^"'^ 

" " " -bottom --Z^ 

Lines of force and contours of airplane 



Figure 39.-Water circulation in wing 
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i 




Figure 46."" Quick dumping device. 



N.A.C.A. Technical MemorancLiM No. 724 Figs, 48,49,51,52,53,55 




Pigure 53. -The rarman 12 B.R.S. Figure 55.-The Delage 12 C.E.D. 

engine. I.H.S* engine. 
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^ 120-140 hp 
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1500 1700 1900 2100 2300 
r.p.m. 

iTigare SO.-Pov/er and fael-cons-a:aption curves 

of Rer.a-alt-3en,'cali engine. 
500,- ■ - - 

400 
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n.v 
^ 200 

100 
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220 



1000 2C00 3000 4000 5000 
r. D.m. 

Pi^r-ire 54. -Power and fuel-constii.rption curves 
of the ?ar.Tia,n 12 B.R.S. en.rines. 



